The compound H 5 C 6 (H)Ge[C(GaCMe 3 ) = C(H) CMe 3 ] 2 (μH) 3 [Ga(CMe 3 ) 2 ], 2, was isolated in trace quanti ties from the reaction of Et 2 N-Ge(C≡C-CMe 3 ) 3 with excess H-Ga(CMe 3 ) 2 . Compound 2 has a unique molecular struc ture with a Ga 3 H 3 heterocycle of which one Ga-H-Ga group is bridged by a dialkenylgermanium unit. The molecular structure of a second compound (3) is reported, which may be described as a spirogermane and has AlNGeC and AlC 2 Ge heterocycles. The rings are formed by intramolecu lar Al-N and Al-C interactions.
Introduction
Hydroalumination or hydrogallation of donorfunction alized oligo(alkynyl)silanes and olico(alkynyl)germanes opened facile access to a large variety of unprecedented compounds that show an intramolecular coordination of the coordinatively unsaturated metal atoms by chlorine atoms [1] , alkynyl [2] [3] [4] [5] , or amino groups [6, 7] . These interactions resulted in an activation of Si-X or Ge-X bonds (X = donor) and facilitated fascinating secondary reactions such as the insertion of heterocumulenes [7] or rearrangement processes with the intermediate for mation of silyl or germyl cations under mild conditions [1, 8] . We report here on the molecular structures of two compounds that were obtained by the treatment of amino di(alkynyl)germanes with two equivalents of the hydrides H-M(CMe 3 ) 2 (M = Al, Ga).
Results and discussion
Treatment of the di(alkynyl)germane H 5 C 6 (Et 2 N)Ge(C≡C-CMe 3 ) 2 with equimolar quantities of H-Ga(CMe 3 ) 2 afforded the alkenylalkynylgermane 1 (Scheme 1) in high yield [8] . 1 shows a strong intramolecular Ga-N bonding interac tion that results in the formation of a GaNGeC heterocycle with a significantly lengthened Ge-N bond. One alkynyl group is unaffected and occupies a terminal position at the central Ge atom. It should facilitate a second hydrogal lation step to obtain a di(alkenyl)germane with two Lewis acidic metal atoms in a single molecule, which would have interesting coordination properties (chelating Lewis acid). H-Al(CMe 3 ) 2 gave the corresponding di(alkenyl) germane by dual hydroalumination of the di(alkynyl) germane in high yield [8] . By contrast, the monoaddition product 1 was detected by NMR spectroscopy as the only component when the dialkynyl starting compound was treated with excess H-Ga(CMe 3 ) 2 (3.3 eq.) in toluene at room temperature. From the reaction mixture, we isolated few single crystals of a new and complex gallium hydride (2; Scheme 1), which was identified by crystal structure determination (Fig. 1 ). It has a unique and highly inter esting molecular structure in which three Ga atoms are bridged by three H atoms to form a sixmembered non planar Ga 3 H 3 heterocycle (H4 being 70 pm above the plane of the five remaining ring atoms). This motif resem bles that of trimeric H-Ga(CMe 3 ) 2 [9] , which has a planar Ga 3 H 3 ring. One Ga-H-Ga 3c2e bond in 2 is bridged by a di(alkenyl)germanium moiety to give a bicyclic mol ecule. Both C≡C triple bonds are reduced, and the amino group originally attached to the Ge atom is replaced by an H atom to form a Ge-H bond. Ge-H and Ga-H bond lengths correspond to standard values [9, 10] . A balanced equation for the synthesis of 2 starting from 1 requires the formation of Ga(CMe 3 ) 3 and Et 2 N-Ga(CMe 3 ) 2 as by products. However, due to their very low concentration in the reaction mixture, they could not be detected by NMR spectroscopy. We tried to reproduce the synthesis of this fascinating compound by treatment of the dialkyne with the sesquihydride [H 2 Ga-CMe 3 ] 2 [H-Ga(CMe 3 ) 2 ] 2 [9] , which has been applied only recently for the synthesis of a related silicon compound [6] . Decomposition of the germane was observed with the formation of a subhydride [11] containing two Ga-Ga single bonds.
Compound 3 was obtained by dual hydroalumination of Et 2 N-Ge(C≡C-CMe 3 ) 3 [7] (Scheme 2). The structure of the analogous Ga compound has been determined pre viously, but we failed for more than 2 years to generate single crystals of 3. Its structure is important for a compar ison of structural and chemical properties that strongly depend on the different acceptor capabilities of Al and Ga. The strength of intramolecular donor-acceptor interac tions influences the activation of Ge-N and Ge-C bonds and the course of secondary reactions. The Al compound, for instance, reacted with chloride anions to form an adduct that eliminated an imine via an intermediate germyl cation at elevated temperature. A similar reaction was not observed for the Ga compound [8] . We obtained single crystals of 3 by slow crystallization from pentafluo robenzene at -20 °C. Its molecular structure (Fig. 2 ) com prises two structural motifs that result from different intramolecular interactions. The atom Al1 is coordinated by the amino N atom N1 to generate a fourmembered, almost planar AlNGeC heterocycle. The Al1-N1 distance of 209.4(2) pm is shorter than the Ga-N distance in the Ga compound (222.6(2) pm) [7] , reflecting the different accep tor strengths of the metal atoms. Both values correspond to typical M-N distances in M-N-E bridges (M = Al, Ga) [7, [12] [13] [14] [15] . These M-N interactions cause elongated Ge-N bonds (199.4(1) (M = Al) and 197.2(2) pm (M = Ga); 181.5(1) pm in Et 2 N-Ge(C≡C-CMe 3 ) 3 [8] ), with the stronger effect observed for the Al compound 3. Quantumchemical calculations of related systems have shown that these structural details reflect a weakening of the Ge-N bond compared with the starting aminogermane. The WBI bond indices for the Ge-N and Al-N bonds are similar, indicat ing a chelating coordination of the amino group by Ge and Al, but significant differences were detected for the Ge-N-Ga system with relatively strong Ge-N and weak Ga-N bonds [7] . The second Al atom of 3 (Al2) shows an interac tion with the αC atom of the alkynyl group, which bears a relatively high partial negative charge. The Al2-C11 dis tance of 253.9 pm is relatively long compared with that of related compounds [2] [3] [4] [5] , which may be caused by steric crowding in this molecule with two bulky Al(CMe 3 ) 2 units, but it is shorter than the Ga-C distance in the correspond ing Ga compound (281.2 pm) [7] . The different strengths of these interactions result in different Ge-C11 bond lengths (194.6(2) vs. 192.2(2) pm, 189 pm on average in the start ing trisalkyne [8] ). Compound 3 may be described as a spirocompound with two fourmembered rings joined by a central Ge atom. The Al atoms deviate from the plane of the directly bonded C atoms (alkyl and vinyl groups) by 52.0 (Al1) and 39.4 pm.
Experimental section
All procedures were carried out under an atmosphere of purified argon in dried solvents (toluene with Na/ benzophenone; pentafluorobenzene with molecular sieves). Compound 3 [7] , H 5 C 6 (Et 2 N)Ge(C≡C-CMe 3 ) 2 [8] and HGa(CMe 3 ) 2 [9] were obtained according to literature procedures.
Compound 2
H-Ga(CMe 3 ) 2 (0.27 g, 1.46 mmol, 2.3 equivalents) dissolved in 20 mL of toluene was treated with H 5 C 6 (Et 2 N)Ge(C≡C-CMe 3 ) 2 (0.24 g, 0.63 mmol) at room temperature. The mixture was stirred for 30 h. Compound 1 was detected as the main component by NMR spectroscopy, and another equivalent of H-Ga(CMe 3 ) 2 was added. After additional 5 days at room temperature, the volatiles were removed in vacuo. The residue was dissolved in pentafluoroben zene and cooled to 2 °C to yield few colorless crystals of 2.
Crystal structure determinations
Crystals suitable for Xray crystallography were obtained by recrystallization from pentafluorobenzene (2, +2 °C; 3, -20 °C). Intensity data were collected on a Bruker D8 Venture diffractometer with multilayer optics and MoK α radiation. The collection method involved ωscans. Data reduction was carried out using the program Saint+ [16, 17] . The crystal structures were solved by Direct Methods using Shelxtl [18] [19] [20] . Nonhydrogen atoms were first refined isotropically followed by anisotropic refinement by fullmatrix leastsquares calculations based on F 2 using Shelxtl. Hydrogen atoms were positioned geo metrically and allowed to ride on their respective parent atoms. Compound 2 crystallized with a pentafluoro benzene molecule in the unit cell, which was disordered over a center of symmetry. tertButyl groups showed a disorder in both compounds, and their methyl groups were refined on split positions (2: C04, 0.57:0.43; 3: C23, 0.54:0.46). Further crystallographic data are summa rized in Table 1 . CCDC 1024726 (2) and 1024727 (3) contain the sup plementary crystallographic data for this paper. This data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/ data_request/cif.
